Abstract Integrated urban drainage modelling and environmental impact assessment require sewer emission models to be linked with submodels for treatment infrastructure and receiving rivers. The uncertainty in current water quality modelling is, however, huge, and environmental impact assessment looses more and more credibility. Based on an integrated modelling case for a combined sewer -WWTP -river system, it is shown in the paper that the integrated model does not produce more accurate results in comparison with the random simulation of emission concentrations from a frequency distribution. This should, however, not pose a serious problem as in most applications of impact assessment, model results are not needed in real time but in statistical terms. Further investigation makes clear that detail/sophistication in water quality modelling is not so important, but that more focus has to be given to long-term simulations, the use of parsimonious models and model validation based on concentration frequencies.
Introduction
In comparison with flow modelling, the history of sewer water quality modelling is relatively short. Many of the water quality processes are not yet well understood. In addition to this, the process parameters are very site specific (more than is the case in river water quality modelling). This means that the models need strong calibration, which is often not possible due to lack of water quality data (as also extensively discussed in Ashley et al., 1999; Harremoës and Madsen, 1999) . The uncertainty in the model results is consequently huge. By overparameterization (more parameters to be identified than what can be done based on the data available), it is most often impossible to derive a unique set of parameter values (see e.g. Gupta and Sorooshian, 1983) .
In practical applications of urban drainage modelling as well as in research, the focus tends more and more towards integrated modelling, taking into account the multidirectional interaction of the sewer system with treatment infrastructure, rivers and groundwater in the receiving waters basin. Also integration of disciplines (water quantity, quality, ecology, economy, socio-participation) becomes more emphasized.
For integrated modelling, different submodels have to be linked and their uncertainties accumulate. In sewer emission modelling, model errors are often huge and increase further more when, for instance, assessment is made of the water quality impact of combined sewer overflows on the receiving water. Nevertheless, sewer water quality modelling and environmental impact assessment are more and more applied in the water engineering practice, most often with the use of sophisticated models (read: overparameterized models). That research on the development of such sophisticated models is needed, is out of discussion, but their usefulness in the current practice is questionable. The prediction power of the models is in some cases very close to zero, while the modeller may not notice this. Overparameterized models indeed often show a high goodness-of-fit during calibration, but may lead up to extremely worse results when evaluating the model against data not used for calibration (incl. more extreme events). Such evaluation can, however, most often not be done due to lack of data, and consequently a false impression about accuracy is given to the modeller and to the end user of the results. When model evaluation would be done, it might be noticed that the model is not producing more accurate results in comparison with a "random number generator"! By the same reason, water quality models and environmental impact assessment models loose more and more credibility (as also discussed in van der Sluijs, 2002) . Despite this situation, environmental impact assessment is needed. It is, for instance, an essential part of the European Water Framework Directive (EC, 2000) and other EC water quality legislation. How to proceed under these conditions? This paper makes a proposal.
Modelling of water quality concentration statistics
In most of the applications of environmental impact assessment, there is no need to have predictions in real time. Results are often only needed in statistical terms, e.g. probability of exceedance of the emission or immission standards. This means that prediction of the intrinsic temporal variability of the studied variables (e.g. pollutant loads and water quality concentrations) is most important. This variability is mainly caused by time variation, which in the case of sewer and river water quality is mainly driven by temporal climate variability, more specifically by rainfall variation in time. In these cases, a model is needed that describes the intrinsic variability in the studied variables. A frequency distribution summarizes this variability in the most efficient way, and may need to be considered at different aggregation levels (different time durations over which the variables are averaged). Emission and immission standards indeed most often take the form of amplitude/duration/frequency curves (CDF for water quality concentrations C; e.g. FWR, 1998; Hoppe et al., 2004) . For scenario-analysis, prediction of the CDF curves under specific changes in the system conditions (CSCs) is required. A dynamic model is then needed that can simulate the effect of rainfall variation on C, together with the influence of the CSCs on the mean level of C. The latter influence can be simulated by all physically based models that include the most dominant physical processes underlying the CSCs. As only the prediction of relative differences is needed, the accuracy of model parameters and the overparameterization problem do not play a significant role here.
For the current state of the system, the CDF curves can also be derived from observed time series data of C. Model evaluation then should primarily focus on testing the agreement with the observed CDF. It is, however, surprising to see that this type of model evaluation is most often not done in practical cases. The evaluation is often limited to an event-based comparison between observed and simulated C values. Based on such evaluation, one can hardly judge about the prediction power of the model in other more extreme conditions.
Use of parsimonious models
Model-based CDF prediction requires many events to be simulated. By preference a long-term simulation is carried out for a period, sufficiently long to be representative for the long-term statistics, and to make extrapolation of the frequency distribution possible till the highest return period relevant for the application. This requires input series of at least around 10 years to be simulated in the model. Due to computational time limitations, this is not feasible with sophisticated models. Parsimonious models are therefore needed, which have the additional advantage of a lower level of overparameterization, a higher level of parameter identifiability, and higher robustness (see also Beck, 1999; Willems, 2000) .
Parsimonious models most often take the form of 'linear transfer function models', or after a physical interpretation is given to these models, the form of 'conceptual models'. In urban drainage modelling applications, the conceptual models are most often of the 'reservoir type'. Most central in this type of models is the relationship between the discharge or concentration at a specific point in the system under study and the upstream storage (of water or pollutant mass) in the system. The structure of the parsimonious model can be identified and its parameters calibrated either to a more detailed physically based model or directly to data. The calibration to a more detailed model is to be preferred when this gives rise to a higher accuracy in comparison with the direct calibration. Direct calibration requires long series of simultaneous observations at the model input and output, and these are often not available in practical cases and certainly not in design or scenario analysis where hypothetical cases are considered. The use of a detailed model is then an alternative. The construction of such a model requires, however, an extensive amount of input and calibration data to avoid the overparameterization problem discussed before, and is therefore not always appropriate.
For sewer and river flow modelling, full hydrodynamic models are set-up by most water authorities as part of their regular water management and design planning tasks. Detailed data collection and calibration then has been carried out and detailed model setup does not require additional resources. An example is given in Vaes and Berlamont (1999) , where a reservoir model for sewer flow is calibrated by parameterizing the storage-throughflow relationship derived from simulations using a full hydrodynamic model. The parsimonious conceptual model then can be used in a way complementary to the sophisticated or detailed physically based model. The detailed model, at the one hand, is needed for simulating specific CSCs in a reliable way, but has limitations in the spatial extent of the system that can be covered and in the length of the time series that can be simulated (due to data collection, memory and computational time limitations). It is thus useful only for specific subsystems and for the simulation of specific water management scenarios. The conceptual model, at the other hand, is most useful for linking to other submodels in an integrated modelling application and on the basis of the calculation of CDF curves (long-term simulations).
For the water quality submodels, the detailed models are often of limited reliability, as discussed before due to the complexity of the physical processes involved, consequently the lack of understanding, and the insufficient availability of water quality data. Direct calibration to field data then most often has to be recommended, as also extensively discussed in Willems (2004) . Similar considerations are valid in case also ecological or socio-economical submodels are involved in the integrated modelling.
Complexity balancing
In integrated modelling applications, conceptual models can be set-up for the different ubsystems and within the different water-related disciplines, and the submodel linking can be done at the conceptual level. This has the advantage that the different submodels have a comparable complexity. It is avoided that very detailed submodels (e.g. for some flow submodels) are linked to other very simple and less accurate submodels (e.g. for water quality). The detailed submodels would largely determine the computational times of the integrated model, but the advantage of their accuracy would be largely lost due to the lower accuracy of the water quality submodels. By linking at the conceptual level, this problem of imbalance in the level of detail between the different subsystems can be solved. Complementary conceptual models can be used for the subsystems for which detailed models are available or for which the implementation of the detailed models is appropriate (as in the fields of sewer and river hydrodynamics). Other modelling disciplines (such as water quality, ecological and socio-economical modelling) are at present less advanced, and for these submodels conceptual models can directly be set-up and calibrated. In this way, complexity balancing is reached between the well-developed fields of hydrology and hydrodynamics and the less-developed fields of water quality, ecology and socio-economics. The conceptual structure also has the advantage that the following two main additional needs of integrated modelling are met: the need to consider a large range of temporal and spatial scales (see also Ostrowski, 2000, and Nafo and Geiger, 2004) , and the need to consider modelling risks due to scientific incertitude (see Harremoës, 2000) . Referring to the latter need, detailed uncertainty analysis based on random simulation becomes possible because of the highly limited computational times of the conceptual model structure.
In Figure 1 the different submodels are summarized, as used by the author in the casestudy of the integrated modelling of the sewer system in the village of Dessel (Belgium) with the downstream wastewater treatment plant (WWTP) and the receiving Witte Nete river. Information on the model selection, calibration and validation activities for this casestudy can be found in Willems (2000) and Willems and Berlamont (2002) . The submodels used are in Figure 1 grouped at 2 levels of model complexity: the detailed physically-based models at the outer circle, and the parsimonious conceptual models at the inner circle. The integration of submodels is done at the conceptual level (at the inner circle).
Case-study: stochastic versus deterministic approach
In the Dessel -Witte Nete case-study, measurements are available for the discharges and the concentrations of total suspended solids (TSS), settleable solids, biochemical oxygen Figure 1 Integration of submodels in the Dessel case-study at the conceptual level and complementary use of detailed models (outer circle) with conceptual models (inner circle) demand (BOD), ammonia and nitrate at the influent and the effluent of the WWTP. The discharges and concentrations at the WWTP influent equal the ones downstream in the sewer system. The measurements were taken during a measuring campaign in the period October 1996 -September 1998. In Figure 2 , a comparison is shown of simulated series of hourly BOD loads at the effluent of the combined sewer-WWTP system with 10 min and hourly measurements during a few overflow events. Figure 3 gives the comparison of the modelled and measured concentrations versus the discharge. A small increase of the mean concentration with discharge is determined for both the measurements and the model results. The standard deviation of the concentration is however large for specific discharges. Given this large standard deviation, the relation between concentration and discharge cannot be considered significantly different for the measurements and the model results. Also the standard deviations have comparable values.
The large standard deviation on the modelled concentrations is explained by influencing factors different from the discharge, and/or by the poor performance of the water quality model in terms of event-based accuracy. The second reason is most important as can be seen from the large deviations between modelled and measured concentrations and loads (e.g. Figure 2 ). For the measured concentrations, the standard deviation is similar to the order of magnitude of the measurement errors (30-40% as by Ahyerre et al., 1998) . This value is large and similar to the standard deviation on the model results. Based on literature review (Ahyerre et al., 1998; Ashley et al., 1999; Harremoës and Madsen, 1999; Gogien and Zug, 2004 ; among many others), it is expected by the author that similar conclusions can be drawn in most other sewer water quality modelling studies. When the model results are derived in statistical terms (as frequency distribution, quantiles or CDF curves), the accuracy becomes significantly higher. In Figure 4 it is indeed found for the same model that the agreement between the frequency distributions of the model results and the measurements is much closer. The model-based frequency distribution is derived from 100 years rainfall simulation. The distribution follows for the higher concentrations a Generalized Pareto Distribution with light tail; this means that the concentrations have an upper limit (to be explained by the maximum build-up load in the sewer system). In the figure, also the distribution of the emission measurements is shown. Although it is difficult to validate the model on the basis of the limited number of measurements, the agreement is generally good. The sudden increase of the concentrations for 20 mg/l is explained by the influence of sewer overflow events.
Good agreement between the frequency distributions derived from the observations and the model results indicates that the intrinsic variability of the concentrations is represented well by the model (see also the good agreement of the mean and the standard deviation in Figure 3 ), despite the poor representation of the underlying physical processes, process parameters and/or the model input (see the poor event-based accuracy).
The frequency distribution can be directly used for system evaluation against emission standards. This is by preference done based on the calibrated distribution. In the case-study the GPD distribution is calibrated based on the simulation model. It also could have been derived from the measurements, but this would have led up to a lower accuracy due to the shorter length of the available measurement series. It is in any case useful to compare the modelled and measured frequency distributions, and to validate the general pattern of the concentrations in the distribution's tail towards the higher values. In this way, the model performance can be evaluated for extrapolation towards the higher values.
Measurements are, however, not always available. To estimate the parameters of the frequency distribution for the ungauged locations, correlations can be defined between the distribution parameters and characteristics of the sewer system. This can be done for a number of gauged systems with similar characteristics in the region under study. An example of such approach can be found in Veldkamp and Wiggers (1997) .
The frequency distribution of sewer emissions can also be used in integrated model simulations. A combined deterministic-stochastic approach can be used where long-term simulations are carried out with the model of the receiving river, but where the sewer emissions are randomly sampled from the frequency distribution and combined with the simulated sewer flow. This approach is tested for the Dessel -Witte Nete case-study and a comparison is made with the full deterministic approach where long-term simulations are carried out with the combined model for the sewer -WWTP system. In both cases, CDF relationships are derived for the BOD emission loads and concentrations, and compared in Figure 5 . Only small deviations are observed, such as the negative bias for the smaller aggregation levels and a smaller decrease of the concentrations with larger aggregation level. These deviations are, however, not significant in view of the intended comparison with emission and immission standards.
Conclusions
The above reported results on the poor event-based performance and the close agreement in CDF curves for both the deterministic and stochastic modelling approach leads to the conclusion -if formulated without nuances -that "a random number generator produces similar results as a physically based sewer water quality model". It is shown in the paper that the inaccuracy in current deterministic sewer water quality modelling should not pose a serious problem as model results are basically needed in statistical terms for comparison with emission/immission standards. Large efforts in deterministic water quality modelling thus should be avoided in the current urban drainage modelling practice (not in research towards sewer quality processes!). Accuracy in the representation of the intrinsic variability of the concentrations is indeed for applications more important than the accuracy in the representation of the underlying physical processes. This is most often underlooked in the current practice. There is a strong need to focus more on accuracy testing of frequency distributions, even and certainly within deterministic modelling approaches. Consequently, too much thought is currently given to increasing model detail and little focus towards simulation of longer time series. For the same reason, parsimonious models have to play a more significant role in integrated sewer modelling, as is the research towards stochastic modelling.
